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Antioxidative Activity of Lichen Thamnolia vermicularis in vitro 
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This study was aimed at evaluating the antioxidant activities of methanol extract of Thamnolia vermicularis. The antioxidant 
activity, reducing power, superoxide anion radical scavenging and free radical scavenging activities were studied. The anti- 
oxidant activity of the extract correlated with its concentration (0.2-2 mg/ml) in the reaction mixtures containing linoleic acid. 
Upto 67% of lipid peroxidation was inhibited by 2 mg/ml of the lichen extract. The extract showed strong free radical scav- 
enging activity similar to that of BHA (positive control) in a manner of concentration dependent. The lichen extract also 
showed moderate effects on superoxide anoin scavenging activity and reducing power, which was not so effective as that 
of Quercetin and BHA used as positive controls. This study suggests that T. vermicularis lichen can be used as a novel source 
of natural antioxidant. 
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Oxygen plays very important role in human's survival, 
once inhaled, it undergoes a gradual reduction process and 
ultimately gets metabolized into water. In this process, 
some reactive oxygen species (ROS), such as superoxide 
anion radicals (0 2 ~), hydroxyl radicals (OH*), nonfree radi- 
cal species (such as H 2 0 2 ), and single oxygen ( ! 0 2 ) are 
formed (Halliwell, 1995; Sies, 1993). ROS damage mem- 
brane proteins by causing lipid peroxidation in mem- 
branes by attacking to unsaturated fatty acids (Ames et 
al., 1993). The damage to membrane proteins decreased 
the membrane permeability, activities of enzymes and 
receptors, and activation of cells. When free radicals 
attack DNA, cancer-causing mutations may occur. There- 
fore, antioxidant defense systems including antioxidant 
enzymes, food and drugs are important in the prevention of 
many diseases (Pietta et al., 1998; Yen and Hsieh, 1998). 

Antioxidants are compounds that inhibit or delay the 
oxidation process by blocking the initiation or propaga- 
tion of oxidizing chain reactions. Currently, synthetic anti- 
oxidants, such as butylated hydroxyanisole (BHA), butylated 
hydroxytoluene (BHT), and fer^-butylhydroquinone (TBHQ) 
are widely used in the food industry. However, restriction 
on the synthetic antioxidants is being imposed because of 
their toxicity to liver and carcinogenicity (Grice, 1986; 
Wichi, 1988). Therefore, the development and utilization 
of more effective antioxidants of natural origins are desired. 
In recent years, the antioxidant properties of numerous 
crude extracts, primary and secondary metabolites of many 
plants have been widely reported (Hidalgo et al., 1994; 
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Pietta etal, 1998). 

Lichens are the symbiotic organisms including a fun- 
gal partner and an algal partner and are known to have 
therapeutic effects on various diseases in folk medicine of 
many countries. Recently, much attention has been paid to 
lichens as resources of natural antioxidants. Scientist 
already investigated the antioxidant activity of some spe- 
cies of lichens, such as Bryoria fuscescens, Cetraria 
islandica, Dermatocarpon intestiniformis, Parmelia saxa- 
tilis, Peltigera rufescens, Platismatia glauca, Ramalina 
pollinaria, R. polymorph, Umbilicaria ny lander iana, 
Usnea ghattenis, and U. longissima and some of them 
have very good antioxidant activity (Behera et al., 2006; 
Gulluce et al, 2006; Halici et al., 2005; Odabasoglu et 
al, 2005). 

Thamnolia vermicularis has commonly been used as a 
tea with the local name of "snow tea" in some parts of 
China. It has been believed to counteract inflammation 
and has been used in traditional Chinese medicine for 
hundreds or thousands of years (Wang et al, 2001). How- 
ever, little study has been attempted to evaluate in vitro 
antioxidant activity of T. vermicularis so far. In this study, 
antioxidant activity of T. vermicularis was investigated to 
verify the potential for T. vermicularis lichen as a natural 
antioxidant. 

Materials and Methods 

Collections and identification of lichen material. 

Highland lichen species of T. vermicularis was collected 
at Mt. Da Shi (Elevation 4,500 m), Yunnan province, 
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Fig. 1. Habit of Thamnolia vermicularis (CH040157) growing 
with other lichens (Steroucaulon sp.) and mosses on 
the soil. 



China in 2004. Details on locality, habit and growing con- 
ditions were previously presented (Hur et ah, 2005). The 
lichen was identified by Mr. Wang at Kunming Botanical 
Institute (CAS). The lichen samples are stored in herbar- 
ium of Korean Lichen Research Institute (KoLRI) at 
Sunchon National University, Korea. Voucher specimen 
(CH040157) is also deposited in KoLRI (Fig. 1). 

Preparation of the methanol extract. Air-dried and 
fractioned lichen thalli (5 g) were extracted 2 times with 
200 ml methanol for 48 hours at room temperature with a 
shaking attachment. The combined methanol extract was 
filtered and then concentrated in vacuo at 40°C using a 
Rotary Evaporator. The residuals obtained were stored in 
a freezer at -20°C until further study. 

Antioxidant activity determination. The antioxidant 
activity of T. vermicularis was determined according to 
the thiocyanate method (Mitsuda et aL, 1996). Lichen 
extracts of 0.2, 0.5, 1 and 2 mg/ml in methanol solution 
were added to 50 jul linoleic acid. The mixed solution was 
incubated at 37°C for 1 hour. Then 0.1 ml of ammonium 
thiocyanate (100 g//) and 0.1 ml FeCl 2 (10 g/l) was added 
into OA ml mixed solution. The antioxidant activity was 
determined by reading the absorbance at 500 nm. The 
solution without the extract was used as a negative con- 
trol and one with same concentration of ascorbic acid was 
used as a positive control. 

Reducing power determination. The reducing power 
of T. vermicularis was determined following Oyaizu's 
method (Oyaizu, 1986). Lichen extracts of 0.2, 0.5, 1 and 
2 mg/ml in methanol solution were mixed with 2.5 ml 
phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of potassium 
ferricyanide (K 3 Fe(CN) 6 ; 10g//), then the mixture was in- 
cubated at 50°C for 20 min. Afterwards, 1.5 ml of trichlo- 



roacetic acid (100 g/l) was added to the mixture, which 
was then centrifuged at 3000 rpm for 10 min. The super- 
natant solution (0.5 ml) was mixed with 0.5 ml of FeCl 3 
(1 g/l) and the absorbance was measured at 700 nm. A 
reaction mixture without extract was used as a negative 
control and one with the same concentration of BHA was 
used as a positive control. 

Superoxide anion scavenging activity determination. 

Measurement of superoxide anion scavenging activity of 
T. vermicularis was performed according to the protocol 
of Nishimiki method, (Nishimik et aL, 1972) with slight 
modifications. One ml of nitroblue tetrazolium solution 
(100 juM NBT in 100 mM phosphate buffer, pH 7.4), 1 ml 
NADH solution (468 jlM in 100 mM phosphate buffer, 
pH 7.4) and 1ml of lichen extracts (0.2, 0.5, 1 and 2 mg/ 
ml in methanol solution) were mixed. The reaction started 
by adding 100 jul of phenazine methosulphate solution 
(60 juM PMS in 100 mM phosphate buffer, pH 7.4) to the 
mixture, which was then incubated at 30°C for 15 min. 
The absorbance was measured at 560 nm. A reaction mix- 
ture without the extract was used as a negative control 
and one with the same concentration of Quercetin was 
used as positive control. 

Free radical scavenging activity determination. The 

free radical scavenging activity of T. vermicularis was 
determined by Blois' method (Blois, 1958). One ml of the 
extract solution in methanol (containing 0.2, 0.5, 1, 2mg 
of dried extract) was added into 0.1 mM of 1,1-diphenyl- 
2-picryl-hydrazil (DPPH) methanol solution. After 30 min 
of incubation, the absorbance was measured at 517 nm. A 
reaction mixture without the extract was used as a nega- 
tive control and one with the same concentration of BHA 
was used as a positive control. 

Results 

Antioxidant activity of T. vermicularis on lipid per- 
oxidation. Methanol extracts of T. vermicularis exhibited 
notable antioxidative activity against lipid peroxidation 
(Fig. 2). Increasing the concentrations of the extract from 
0.2 to 2 mg/ml caused increased antioxidative capacity of 
the reaction mixtures. The extract exhibited significant 
inhibition of linoleic acid oxidation (67%) at the concentra- 
tion of 2.0 mg/ml, compared to the negative control. How- 
ever, the antioxidant activity was slightly lower than that 
of ascorbic acid (+ control) at the tested concentrations. 

Free radical scavenging activity of T. vermicularis. 
DPPH is present as a stable free radical in aqueous or 
methanol solution and accepts an electron or hydrogen 
radical to become a stable diamagnetic molecule. It is 
usually used as a substrate to evaluate the antioxidative 
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Fig. 2. Inhibitory activity for lipid peroxidation of methanol 
extract of T. vermicular is (♦) and ascorbic acid (■). 
Amounts of lichen extract were present in 0.05 ml of 
linoleic acid mixture. The control was the linoleic acid 
mixture without extract. 
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Fig. 3. Free radical scavenging activity at various concentrations 
of methanol extract from T. vermicular is (♦) and BHA 
(■) by l,l-diphenyl-2-pictylhydrazyl (DPPH). The 
control was the DPPH methanol solution (0.1 mM) 
without the extract. 
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Fig. 4. Superoxide anion scavenging activity at various con- 
centrations of methanol extract from T. vermicularis 
(♦) and Quercetin (■). Each reaction was performed 
in 2 ml of reaction mixture. The control reaction was 
performed in a reaction mixture without the extract. 
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Fig. 5. Reducing power at various concentrations of methanol 
extract from T. vermicularis (♦) and BHA (■). Each 
reaction was performed in 3 ml of reaction mixture. 
The control reaction was performed in a reaction 
mixture without the extract. 



activity of antioxidants. Free radical scavenging ability of 
the extract and BHA, a positive control, is presented in 
Fig. 3. Removal of free radical increased by 36 to 72% in 
accordance with the increase of the concentrations of the 
extract from 0.2 to 2 mg/ml, compared to the negative 
control and moreover, the scavenging ability of the extract 
was as strong as that of BHA at all the concentrations 
tested. Significant correlation was found between the free 
radical scavenging activity and the concentration of lichen 
extract or the compounds used as positive controls. 

Superoxide anion radical scavenging activity of T. 

vermicularis. Superoxide anion radical was also 
removed by the lichen extract with more effectively than 
by the control compound by 20% at the concentrations 
tested (Fig. 4). Unlike lipid peroxidation inhibition and 
free radical scavenging activity, the activity was not corre- 



lated with concentration. The lichen extract of lower con- 
centrations (0.2 and 0.5 mg/ml) showed higher scavenging 
activity than Quercetin (a positive control) of same con- 
centrations, but positive control shows higher activity than 
the lichen extract at higher concentrations (1.0 and 2.0 
mg/ml). Quercetin also showed superoxide anion scaveng- 
ing activity in a concentration-dependent manner. 

Antioxidant activity of T. vermicularis on reducing 
power. The lichen extract exhibited much weaker reduc- 
ing power at the tested concentrations, compared to BHA. 
Both the lichen extract and BHA showed reducing power 
in a concentration-dependent manner (Fig. 5). 

Discussion 

All these results indicated that the methanol extract of T. 
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vermicularis showed apparent antioxidant activity and 
DPPH radical scavenging activity, however moderate 
reducing power and superoxide anion scavenging activity 
compared to the compounds used as positive controls. 
The concentrations of lichen extracts tested in this study 
were much lower than those employed in other studies. 
For example, Behera et al. (2006) demonstrated that 
methanol extract of Usnea ghattensis exhibited strong 
antioxidant activity in the range of 2 to 20mg/m/. 
Although T. vermicularis showed 67% inhibition of lipid 
peroxidation at the concentration of 2 mg/ml, U. ghatten- 
sis exhibited only 3.8% inhibition at the same concentra- 
tion. This suggests that T. vermiculairs can produce 
stronger antioxidant substances or larger amount of anti- 
oxidants in the thalli than other lichen species. It is thus 
concluded that T. vermicularis can be used as a potential 
natural resource of antioxidants. 

Thamnolic acid, didepside, has been known to be the 
main secondary metabolite of T. vermicularis which has 
been used in traditional Chinese medicine to counteract 
inflammation for hundreds years (Wang et al, 2001). The 
compound may be responsible for the higher antioxidant 
activity of the extract of T. vermicularis. Further study 
might be focus on the isolation and identification of the 
antioxidative components from T. vermicularis. As the 
growth of lichen in nature is very slow, isolation and arti- 
ficial cultivation of the lichen-forming fungi may be required 
for further progress in mass production of the compound. 
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